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(54) LINER MANUFACTURE METHOD 
(57) Abstract 

FIELD: plastic working of metals, in particular, cold plastic deformation method. SUBSTANCE: method 
involves manufacturing two parts, pipe and enclosure, from materials with different elastic limit; 
assembling parts by installing pipe in enclosure with space between their walls; subjecting part 
made from metal with lower elastic limit to plastic deformation. EFFECT: Increased efficiency and 
improved quality of liner. 2 dwgs 
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(54) cnOCOB W3rOTOBJl EHMH JIEilHEPOB 
(57) Abstract 

Mcnojib30BaHHe: o6pa6orKa Merajinos jjaaneHMeM, b uacTHOcra, o6pa6oTKa Mero/;oM xojiojjhoh 
nnacnwecKott ^e^opMaiqm. Cymnocrb H3o6pereHHH: mrxyraBJTMBaioT floe jipraim - Tpy6y m o6onoHKy H3 
MaTepHanoB c paannnHbovi npe^enoM ynpyrxxmi. Co6npaiOT ynoMHHVTbie j;eTann nyreM ycraHOBKii Tpy6bi b 
o6ojio<iKy c 3a30poM. nocne coopKH nnacTHMecKOH jipfyapuaufaH noABepraioT fleTanb, JoroTooneHHyio M3 
Merajuia c MeHbtnuM npe^ejiOM ynpyrocTH. 2 vai. 



Description [Omrcaniie n3o6peTenn*iI: 



M3o6peTeHMe othochtch k xouoahom o6pa6oTKe MerajuiOB nnacTMMecKMM /;c<i>opMMpoBaiiHeM h mo^kct 6biTb 
Hcnant>3OfiaH0, HanpuMep, H3roTOBJieHMH neitHepoB pji* UMJIHHAPOb mraHTOBbix He<}>THHbix HacocoB. 

M3bcctch cnoco6 H3rx>Toanciowi neuiiepoB. coraacHO KOTopoMy TOHKocTCHHa* Tpyoa BCTaanHeTcn b 
ofanoMxy c 3a3opoM |1| Mejfi^y HapyjKHoii noBepxHOCTbio Tpy6bi m BHyTpeHHew nooepxHocrbio o6ojiomkh 
UMeCTCH 3a3op. 

HeAocraTKOM npKBe/^cHHort) cnoco6a nannercH HajmMne 3a3opa idempy TpyooH m odojjomkoh, npwBOAHmero 
k crouKemno jkoctkoctm jieibiepa, a b HCKOTopbix cnyManx, HanpwMcp, npn W3rxrroBncHMn mktimhapob 

He<frTHHbix Hacocoe H3 JiewHepoB. 3a3op 3Hawrenbao CHJtsaer KauecTBO nocjieAyK>ioeH onepantm 
ynpoMHeroiH BHyrpeHHeA noBepxHOCTH ufvunmpa. a30xnpoBa™cM . 

143BecxcH cnoco6 loroTOBneHHH jicHHcpon, cornacHO KOTopowy HapyjKHyio noBepxHocrb Tpy6bi h 
BHyrpeinnoK) noBepxHOCTb ooojiomkh roroTaBjnroaioT kohhmockhmh |2| He^ocTaTKOM Bbrmeonncannoro 
cnoco6a *mrmerCH to, mto oh c/ioJRHbiM b ocyn^ecTBneHHM. CnomHocTb npeACTaBrwer h 3poto an eimc 
conpHPaeMbix noBepxHOcrew w6o TpeoyercH crporo connacoBarb oAHoocHocTb koiimmcckom BHyTpeHHew 
noBepxHOCTH o6ojioqocn c kohhmcckoh Hapy jkhoh noeepXHOCTbio Tpy6bi. 

Taxme H3Becren cnoco6 mopotobjichmh netiHepoB, connacHO KOTopoMy nocne c6opKH Tpytfbi c o6ojiomkom c 
HeKoropbiM 3a30poM no conpHraeMbiM nooepxHOCTHM, jieXmep noABepraiOT aBTO<i)peTHpoBaHHK> (cm.tslm Me 
crp.38) 131 t. e. iuiacTHMecKOH Ae^opManjw Tpy6bi c nejiwo ycTpaHemiH 3a3opa weJK^y Tpyooii m o6ojiomkoh, 
h oflHOBpeMeHHoro ynpoHHemtH Tpy6bi. 

HcAocTaTKOM M3BecTTioix) cnoco6a H3roTOBJieHMH jieftHepoB hrtihctch to, mto npn CKpenneHHM newHepoB 
nocpeftCTBOM njiacTMMecKoii Ae^opMai^m oahoh H3 ^eraneii Jieitaepa (oGojio^km win TpyGbi), He 
yMMTbiBaioTCH MexaHHMecKMe CBOHCTBa MeraJuiOB. mto He no3BOjiHeT oCecneMKTb KaMecTBeHHoro, 
6e33a3opHoro CKperuieHHH Tpy6bi c odojiomkom h, Kax cneACTBue, npnBo/jwT k HMKOMy KanecrBy M3^ejniH b 
uenoM. 

HanpHMep, npn loroTOBJieHHH hmjiuhapob He^THHbix nrraHTOBbix nacocoB H3 cKpenneHHbix jieitaepoB, r^e 
Tpy6a H3POTaBnwBaeTCH 10 BbicoKonerMpoBaHHOM a3OTHpyeM0H cranM, a o6ono^Ka h3 rooKoyrnepoAwcroM 
crajiK, M3-3a BbnneyKa3aHHoro He^ocraTKa o npoi^ecce aaoTHpoBamiH uyimuijjpoB H3 3a3opa BtsU^ejisnoTcn 
ra3bi, DpenHTCTByiornjte HopMajibHOMy npoTeKaHMio npouecca a30TnpoBaHHH, b pe3yjibTaTe Mero pe3K0 
B03pacraeT Bpextn a30THpoBaim« w cmwaeTcn Ka^ecTBO a30TnpoBaHHH noBepxHOCTH umiHHApa k Hacoca b 
uejioM. 

3a^aMen K3o6peTeHMH jranHCTCH pa3pa6orKa cnoco6a ronoTOBneHMH JieMHepoB, o6ecne«MBaiomero 
Ka^ecTseHHoe 6e33a3opuoe coeAHHeHMe Tpy6bi c o6onouKoa m noBbuneHHe xecTKocTM /ieteepa. 

y K3L3aHHbiH TexHOTecKMH peoyjibTaT AOCTHraercH tcm, mto npw K3roTOBJieHMH newHepa, BxraoMaiornero 
MoroTOBJieHMe ^eyx ^enraJieM Tpy6bi h o6ojiohkh m c6opKM wx ppyr c ppyroM c 3a3opoM, coiviacHo 
H3o6peTeHHK> nnacTOMecKOMy Ae<J>opMMpoDamno noABepraiOT Aerajib. ircroToaneHHyio H3 Mera/uia c 
MeHbimiM npeflenoM ynpyrocTM. 

Pe3yjibTaTOM peineHHH nocTaaneHHOM 3a/ja*m HBnHercfl to, mto npw B03AeMCTBMM Ha fleranb, 
M3roTOBJieHHyK> H3 Meraruia c MeHboiuM npeflenoM ynpyrocrw Mepe3 Hee Mbi B03AewcrByeM Ha flerajib c 
6o7it,niMM npeAenoM ynpynocTM. 

riocne chhthh Harpy3KM b Aerann c MeHbmHM npeAenoM ynpyrocTM ocraioTCH ocTaTOMHbie nnacTWMecKMe 
A«jK)pMauwH, a Rcrsjih, c 6ajibun*M npeAenoM ynpyrocru npMMer cbow nepBOHaMajibHbie pa3Mepw w 
6e33a3opH0 npMnfUKer k conpj^raeMow noBepxHOCTH ynpyrow neranM. 

Ha (J)ht. 1 H3o6pa>KeH cnoco6 coeAMHeimw jiewnepa. b kotodom o6anouxa M3roTOBneHa H3 Meranna c 
MeHbusfM npe^enoM ynpyrocTM, a Tpy6a M3roroanena M3 Meraruia c 6anbiiniM npeAenoM ynpyrocTM; Ha 
<j)wp.2 cnoco6 coeAWHeioiH ziewnepa, u kotodom o6ojioMKa jraroToanena W3 MeTaruia c 6oribniwM npeAenoM 
ynpyrocTM, a Tpy6a M3roToaneHa M3 MeTa/uia c MeHbiUMM npeA^OM ynpyrocTM. Jleimepa H3roTaBnMBaK)T 
cneAyK>UB04 o6pa30M. 

TlepDOHaMajibiio n3rorannMBaioT ooonoMKy 1. riocne 3awepa BHyrpeHHero A MaMeT P a o6onoMKM 1 
o6pa6aTbioa*oT no Hapy^iaiow noBepxHocrw Tpy6y 2, ooecncMMBaH rap aHTMpoBainibui 3a3op Mcmfiy 
conpjtraeMbiMH nooepxHocTOMM. nocne c6opKw oobnoMKn 1 c xpy6oit 2 neimep nocTynaer na onepanwio 
cKpcnneHMH. CKperuieioic ocymecTanneTcn nocpeACTBOM Ae4>opMaunM oahom H3 conpjB?aeMbix 
ooonoMKH 1 mjih Tpy6bi 2. J^c<t>opMau>DO mokho nposoAMTb npw noMomw BbicoKMX AaarieHMii jkhakoctm, 
pa30B, cnoco6oM kodkh, o6KaTKH, A o P H0BaHM5, vwvi APY irilx cnoco6oo. 

Ha <fcwr.l noKasan oakii H3 B03M02euibUc BapnairroB CKpenAeioin ncwnepa. b kotodom o6onoMKa 1 



H3roToancHa ro Mexajuia c MeHbnrwM npenenoM ynpyrocxH, a Tpy6a 2 H3 Mexauuia c (xmbiratM npc^enoM 
ynpyrocTM. B npuee^eHHOM cnyuac njiacxHMecKoa Ae^opManwM noABepraiox ofanowy i. flnn axoro iia 
MeraruiopeHcymeM o6opy^oDaHMii. iianpuMep. roprooiiranhHO-pacTOHHOM cxarae b DepTjnoKHofi 6a6Ke 
no ocm cxanxa ycxaHan/iHBaiox o6KaxHOfi MHcxpyweHX c /\e4>opMMpyioiipiMM pojTMKaMM 3. B 
cre6e/ib cxanxa ycxaHanJiMBaiox orrpauKy 4, Ha Koropow nocpeflcxDOM urrn<frra 5 oaKpen/iHiox JieitHep. 

Ilocne HacTpowKM Ae<J>opMMpyiomwx parmKOB 3 Ha pa3Mep MeHbme HapywHoro /jwaMexpa o6ojioukm (pa3Mep 
no ^e4)opMMpyiom^M pojiKKaxi onpeAenHexcH 3KcnepKMeHxajibH0, b 3aBMCKM0cxH ot fluaMexpa jieimepa, 
xonmuHbi creiioK o6ojioukh 1 u xpy6bi 2 m MexamwecKnx cbomcxb Mexajuia) pacKaxHOMy HHCXpyweirry 
coo6maiox BpamaxejibHoe ABmseHMe V, a newHepy nocxynaxenhHoe S, BbOiojiHHiox ruiacxiroecKyK) 
Aecfropviamfio o6ojioukm 1 m ynpyryio ne(j>opMannK) xpy6bi 2. 

B CBH3U c paanHMHbiMH MexaHHMecKHMH cBOHCTBaMH MexannoB o6ojioukh 1 h xpy6bi 2 b oDCjiowe 
npoH3ofl^yx njiacxwMecKne Ae^opMai^HH, b pc3y/ibxaxe Mero HapyjKHbrif h BHyxpcHu™ /jMaMexpw 
yMeHbmaxcH, a b xpyoe 2 np0H3OHAyx ynpyrne ne*J>opMamiH t rpfi nocne chhxmh Harpy3KM napaMexpbi 
xpytfw B03BpaxHXCH n nepBOHauajibHoe nanoxeHHe, npn 3xom, npoM3ofiRex 6e33a3opHoe h Ka^ecxBetmoe 
CKpenneHHe jieimepaL 

Ha (J) nr. 2 H3o6pajxeH ojniH io B03M0>sHbix BapwaHxoB CKpenjieimH neimtpoB, b KoxopoM o6anoHKa 1 
mroxoBJieHa H3 Mexajuia c 6ojibmnM npej;eJiowf ynpyrocxu. a xpy6a 2 H3 Mexa/ma c MeHbinHM npeAejioM 
ynpyrocTM. 

Jlemiep ycxaHannnBaiox Ha rrpoxHJKHOM cxaHOK c ynopow b npHcnocoojieHHe 6 o^hmm M3 xopqea. B 
oxecpcxwe xpy6bi 2 bbo^hx onpaBKy 7, Ha BbixoA b Koxopyio ooopaMMBaiox a°P" 8. JJopH no HapyjRHOMy 
flwaMCXpy BbmojmeH Ha pa3Mcp oonbine pa3Mepa Buyxpeiniero niiaMexpa xpy6bi 2. Bejurama naxnra flopaa 
8 b oxeepcxHM xpy6bi 2, Kan w b npeAbiAynjeM cjiyHae. onpeAejiHexcH 3KcnepnMeHxajibH0. Ilpii BKjnoueHMM 
onpaBKH 7 nonaw S npOH3BOAHx luiacxiraecKyio He$opMauHx> xpy6bi 2 m ynpyryio Ae$opMauHK> o6ojio^km 1. 
npHBOAHUBOc k 6e33a3opH0My w k aMCCXBCHHOMy cKpenjieHMJo ooono^KM 1 c xpy6ow 2, Kan m b npeAboxyn^eM 
cnyMae. 



Claims (4>opMyjia H3o6peTenH*iJ: 



Cnoco6 M3roroaaeHMH neimepoo, oKjnouaioiij^ iraroToanemie Tpy6bi m o6ojio^kh, c6opKy hx ffpyr c flpyroM 
nyxeM y ct elho fjk m Tpy6bi o o6anot*Ky c 3a3opoM m nocne;jyioinee nnacTWMecKoe fle^pMwpoBaHHe oahom W3 
oo6paHHbix jjeTaneH, oTjnroaiomwMC^ tcm. uto Tpy6y m o6ojio^iKy H3P0TaBmiBaK)T H3 MeraruioB c pa3HbiM 
npe^e/ioM ynpyrxxmi, a iuiacnfuecKOM ^e^opManww no^oepraioT ^erant». M3roToaJieimyK> jo Merajuia c 
MeHMTODw* npc^cnoM ynpyrocrn. 



Drawing(s) IMepTejKHj: 
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(54) LINER PRODUCTION METHOD 
(57) Abstract: 

Field: Plastic metal working and, in particular, metal working by the cold plastic 
deformation method. Substance of invention: Two parts — a tube and an enclosure — are 
made of materials with different limits of elasticity. These parts are assembled by 
inserting the pipe into the enclosure with a clearance. After their assembly the part made 
of a metal with a lower limit of elasticity is subjected to plastic deformation. 2 dwgs 
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Description: 

The invention relates to cold working of metals by the plastic deformation method and 
can, for instance, be used for the production of liners for oil-well sucker rod pump 
cylinders. 

A liner production method is known, which involves the insertion of a thin-walled tube 
into an enclosure so that there is a clearance between the outer surface of the tube and the 
inner surface of the enclosure (1). 

The drawback to this method is the existence of a clearance between the tube and the 
enclosure, which results in a lower rigidity of the liner, and in some cases, for instance, 
when liners are used in the manufacture of oil-well pump cylinders, this clearance 
considerably impairs the quality of the subsequent operation — the hardening of the inner 
surface of the cylinder by nitriding. 

Another liner production method is known, in which the outer surface of the tube and the 
inner surface of the enclosure are made conical (2). The drawback to this method is that it 
is hard to use. The difficulties associated with using this method are encountered at the 
stage of forming the mating surfaces since it is necessary to ensure the alignment of the 
conical inner surface of the enclosure and the conical outer surface of the tube. 

Still another liner production method is known, in which after the tube and the enclosure 
are assembled so that there is a clearance between the mating surfaces the liner is 
subjected to autofretting (ibid, p. 38) (3), i. e., to plastic deformation, for the purpose of 
eliminating the clearance between the tube and the enclosure, and, at the same time, the 
tube is hardened. 

The drawback to this liner production method is that in joining the liner parts by 
subjecting one of them (the enclosure or the tube) to plastic deformation the mechanical 
properties of their metals are not taken into account, which makes it impossible to ensure 
high-quality tight joining of the tube and the enclosure and, in consequence, results in a 
lower product quality. 

For instance, when liners assembled from tubes made of high-alloy nitrided steel and 
enclosures made of low-alloy steel are used in the manufacture of oil-well sucker rod 
pump cylinders the gases emitted while nitriding the cylinders from the clearance 
between the tube and the enclosure due to the above drawback interfere with the normal 
course of the nitriding process with the result that the nitriding time is considerably 
increased and the quality of nitriding the surfaces of the cylinder and the pump as a whole 
is impaired. 

The object of the present invention is to propose a liner production method ensuring 
high-quality tight joining of the tube and the enclosure and a high liner rigidity. 
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This object is achieved as follows. In the liner production process including the 
production of two parts — a tube and an enclosure — and their assembly with a certain 
clearance the part made of a metal with a lower limit of elasticity is subjected to plastic 
deformation. 

In deforming the part with a lower limit of elasticity, the deforming forces are transmitted 
through this part to the part with a higher limit of elasticity. 

When the loads acting on the part with a lower limit of elasticity are relieved it will retain 
residual plastic strains and the part with a higher limit of elasticity will acquire its 
original dimensions and will tightly bear against the mating surface of the other part. 

Fig. 1 illustrates a liner production process, in which the enclosure is made of a metal 
with a lower limit of elasticity and the tube is made of a metal with a higher limit of 
elasticity, and Fig. 2 illustrates a liner production process, in which the enclosure is made 
of a metal with a higher limit of elasticity and the tube is made of a metal with a lower 
limit of elasticity. Liners are manufactured as follows. 

Initially, the enclosure 1 is produced. After measuring the inner diameter of the liner 1, 
the outer surface of the tube 2 is machined to ensure a guaranteed clearance between the 
mating surfaces. After assembling the enclosure 1 and the tube 2, they are joined. This is 
done by deforming one of the mating parts — the enclosure 1 or the tube 2. Its 
deformation can be effected by using high-pressure fluids or gases or by forging, 
spinning, mandreling or other methods. 

Fig. 1 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a lower limit of elasticity and the tube 2 is 
made of a metal with a higher limit of elasticity. In this case, it is the enclosure 1 which is 
subjected to plastic deformation. To this end, a spinning tool fitted with deforming rolls 3 
is mounted on a metal-cutting device, for instance, it is secured in the swivel workhead of 
a horizontal boring machine. Mandrel 4 is secured in the machine spindle, and a liner is 
mounted on the mandrel and fixed thereto by means of pin 5. 

After adjusting the deforming rolls 3 for a dimension smaller than the outer diameter of 
the enclosure (this is done experimentally according to the liner diameter, thickness of the 
walls of the enclosure 1 and the tube 2 and the mechanical properties of the metals used), 
the spinning tool is imparted a rotary motion V and the liner is imparted a translatory 
motion S with the result that plastic deformation of the enclosure 1 and elastic 
deformation of the tube 2 are effected. 

Due to differences in the mechanical properties of the metals, of which the enclosure 1 
and the tube 2 are made, plastic strains will develop in the enclosure, whereby its outer 
and inner diameters will be reduced and elastic strains will develop in the tube 2 and after 
the load is relieved the tube will acquire its original characteristics, the result being that 
high-quality tight joining of the liner parts will be effected. 
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Fig. 2 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a higher limit of elasticity and the tube 2 is 
made of a metal with a lower limit of elasticity. 

The liner is mounted on a broaching machine so that one of the liner ends abuts against 
fixture 6. Mandrel 7 is inserted into the tube 2, and broach 8 is screwed into the end of 
the mandrel. The outer diameter of the broach is one size larger than the inner diameter of 
the tube 2. As in the above case, the interference fit of the broach 8 in the tube 2 is 
determined experimentally. When a feeding motion S is imparted to the mandrel 7, the 
tube 2 is subjected to plastic deformation and enclosure 1 is subjected to elastic 
deformation with the result that, as in the previous case, high-quality tight joining of the 
enclosure 1 and the tube 2 is effected. 
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Claim: 

A liner production method which consists in producing a tube and an enclosure, 
assembling them with a clearance and subsequently subjecting one of the assembled parts 
to plastic deformation and wherein the tube and the enclosure are made of metals with 
different limits of elasticity and the part made of a metal with a lower limit of elasticity is 
subjected to plastic deformation. 
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Drawings: 



Fig. 1 
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Fig. 2 
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